
144 COOPERATION IN ANIMAL BREEDING. . f

1
of this task alone saves the country vast sums of money, since it is bound to j
prevent the premature degeneration of valuable male animals. *

There are 8 varieties of valuable breeds cultivated in the Kingdom of Ba- J
varia. It is the duty'of the inspectors to care for the strict maintenance of the j
purity of each breed. To make sure that there should be no possibility of a •;
deviation, registered and fully tested bulls of the same breed should, from time "-'
to time, be exchanged among the associations. Cross breedings between the :

different domestic breeds are not desirable; but some encouragement is given J
the crossing of breeds of Swiss and Austrian descent and those of Bavaria. The i
principal aim, however, of the government as well as of the associations is the 1
elevation of the established home variety to the highest possible standard. j

Each association must keep a register containing minute descriptions of the <j
pedigree of each of its blooded animals, and a record stating the exact dates of i
covernigs by the bulls has to be on hand. Each cow of blooded stock is marked j
by the inspector in its right ear with the number by which its pedigree is recorded ]
on the herdbook. Their offsprings receive a mark in their left ears which cor- -~ 1
responds with the number of the mother. Upon reaching maturity, and after ' 1
another careful examination as to purity, they also receive a mark in their right
ears. Animals thus marked, command a very high price for their owners. The
calves of blooded stock receive all possible help to grow up into healthy and
useful animals. Here also the government lends material aid by assisting in
the purchase and cultivation of fine pasture grounds in low lands as well as on
the Alps, where young blooded stock can be sent at very little expense for
healthful development during the summer season.

During the last few years the State has spent for the improvement of fine cattle,
independent of the salaries and expenses of the inspectors, nearly $150,000
annually.

Additional encouragement is given to fine stock breeding by the institution
of annual agricultural exhibitions, at which the government allows very liberal
prizes to the exhibitors of fine stock.

It is claimed that by all these encouragements and by the enforcement of the
rules laid down for fine stock breeding, the nucleus for a fine general stock of
cattle has been established.

Baniberg, Germany, January 31, 1908. WM. BARDEL,
Consul.

ON THE THEORY AND PRACTICE OF BREEDING
DISEASE=RESISTANT PLANTS.

W. A. ORTON, Pathologist, V. S. Department of Agriculture.

BRIEF GENERAL SURVEY.
The losses from plant diseases in America amount annually to

hundreds of millions of dollars. Every crop has its maladies.
Some of these we cannot prevent; for others fairly effective remedies
are known, but their application requires the expenditure of many
thousands of dollars for spraying and similar work that every year
has to be done over again. Fungicides and disinfectants are only
crude make-shifts. Unfortunately they are necessary now, but the
future will bring a more permanent relief, through the develop-
ment of disease-resistant varieties of our staple crops.

This paper deals with resistance to diseases caused by parasites.
Those due to sterile, wet or poisoned soils, to alkali or acid soils,
to unfavorable weather, drying winds, injurious gases, frost, or
mechanical injuries will naturally be dealt with by alleviating the
factor of the environment which js at fault, Nevertheless, we may
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AMERICAN BREEDERS' ASSOCIATION. 145

note in passing, that there are great opportunities for the breeder
in this field to produce hardier plants, strains adapted to particular
locations, or fitted to endure cold, alkali, etc.

Reverting to our discussion of resistance to the attacks of parasites,
several important questions are presented at this point. What is
the fundamental explanation of disease resistance? To what extent
can it be developed in cultivated plants? Must not other qualities,
such as size, flavor, or productiveness be sacrificed to secure disease
resistance? What methods are employed in breeding for disease
resistance? How long a time is required for such work? How
long will the new variety retain its resistance?

FEATURES OF PARASITISM.

Plant pathology must be called to the assistance of plant breeding
in order to solve these complex problems. Before we can under-
stand the phenomena of resistance and immunity, we must study
the nature of parasitism. This proves to be wonderfully complex.
There are varying degrees of parasitism ranging from the rusts,
which can exist vegetatively only in living hosts, through a long
line which live for the most part as parasites, but are capable on
occasion of living as saphrophytes on dead matter, until we reach
organisms like the common moulds and soft-rot bacteria, which
are usually harmless, but under certain conditions do produce
disease. Or from the viewpoint of adaptation between host and
parasite, which is perhaps the better one, we find at the head of
the list, organisms like the seed fungus of Lolium, which lives in
the seed of this grass, even penetrating the embryo, without causing
injury, but on the other hand stimulating its host to larger develop-
ment. The rust fungi do not kill the cells of the plant on which
they feed until spores are formed and its cycle of existence ends.
Those fungi and bacteria which kill quickly by producing substances
highly poisonous to plant cells, are the crudest of parasites, for
perpetuation of the species is threatened if the host dies before the
parasite can disseminate itself.

The natural tendency in the evolution of parasitism is, therefore,
to develop a closer and more enduring association between host
and parasite. Many fungi are highly specialized in their parasitism.
The rust of wheat cannot infect barley, or oats, which have their
own "biologic forms." The powdery mildews of wheat, barley and
the bromes have very many of these forms, each as a rule restricted
to a single species or group of species, though no visible differences
can be detected. In the same way the cotton wilt, Fusarium, does
not attack melons or cowpeas, and each of the latter has a specialized
parasite exactly like the cotton Fusarium, except that it will not
infect cotton.

NATURE OF SUSCEPTIBILITY AND RESISTANCE.

The evidence collected by Marshall Ward and his students shows
that susceptibility to disease is due not to the ability of the parasite
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146 BREEDING DISEASE RESISTANT PLANTS.

to penetrate its host, but to its ability to establish a semi-symbiotic
relation with the plant. Infection is no proof of parasitism. Fungi
will penetrate the leaves of strange plants, but meet with defensive
reactions which cause their germ tubes to shrivel and die. The
effect is similar when a resistant variety is infected. The fungus
spores penetrate the leaf and begin to develop a mycelium. An
active combat then takes place between the invader and the cells of the
plant, resulting in the death of the fungus and often also of a few
cells of the plant, the other tissue remaining healthy. Apparently
anatomical differences play little part in the matter. No variations
in the thickness of epidermis or cell walls, presence of hairs, etc.,
can be associated with resistance.

We now believe disease resistance to be a physiological quality,
depending on the presence in the plant cell of protective enzymes
or complex anti-bodies, comparable to those developed in the human
blood. It is noteworthy that immunity is specific in plants as in
animals. Resistance to one disease does not prove resistance to
another. Of two wilt-resistant races of cotton, one, the Center-
ville, is also highly resistant to the bacterial disease "black arm"
while the other, the Rivers, is quite susceptible to the latter. The
Iron cowpea is immune to wilt, root-knot and Cercospora leaf blight,
but is subject to powdery mildew and another fungous leaf-spot.

INHERITANCE OF IMMUNITY.

It has been proved that this definite constitutional quality of
disease-resistance can be inherited just as are color, flavor, and
other qualities. We can also show that the character is transmitted
according to the same laws of heredity—in other words that breed-
ing for disease-resistance can be carried on in the same way as
breeding for size, productiveness, or earliness, and with similar
results.

Our methods in the future may be much influenced by the new
point of view introduced by the recent writings of DeVries, Bateson,
and others.

PURE ELEMENTARY VARIETIES.

One of the important conceptions in plant breeding is that many
of our agricultural varieties are composed of a mixture of a number
of separate strains which, when isolated, breed true. This principle,
known long ago by Le Couteur and Shirreff and later practiced by
Nilsson, was independently discovered many years ago by Mr.
Clark, a Sea Island cotton planter, and is still the established method
of selection on the Sea Islands.

The existence of these pure strains in both upland and Sea Island
cotton can be demonstrated readily by planting the seed from a
number of selected plants in parallel rows. The resulting progeny
differ in many ways so that the rows can readily be distinguished
by the size of the leaves, manner of branching, etc.
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The several varieties of wilt-resistant cotton that have been bred
are examples of these elementary varieties. In each case they
began with a single selected plant, the offspring of which have bred
true and uniform ever since. The only precaution necessary is
to protect them from cross pollination with susceptible kinds. In
breeding for disease resistance, therefore., the first move will be to
test all existing varieties to determine their relative resistance and
to seek within them for varying individuals which may be developed
into pure resistant strains. It is important to note that our experi-
ence indicates that, when we have isolated the various elementary
varieties from a mixture, the best of these represents the maximum
attainment possible by selection alone. Further progress will involve
hybridization or a long wait for mutations.

UNIT CHARACTERS.

The search for disease resistance, like other departments of breed-
ing, will be greatly influenced by the new viewpoint introduced by
Mendel's Law. The idea of unit characters and their segregation
in opposing pairs is a most useful one. The indications are that
disease resistance is such a unit character. Proof of this in the
case of wheat has been brought forward by It. H. Biffen. Our own
work does not permit us to assert that the Mendelian r,atios between
resistant and susceptible plants are always obtained, for we have
worked with a disease that kills off the non-resistant before our
records are secured, but we have in two instances transferred the
disease-resistance unit from one variety to another, just as would
be expected by Mendel's Law. These varieties have been fixed
and are ready for introduction, thus constituting definite proof
that disease resistance can be bred.

APPLICATION OF MENDEL'S LAW.

When no resistant strain can be found in existence, the next step
is to seek recombinations of characters by hybridization.

We enter on this work with the conception that disease resistance
is a definite constitutional character capable of transmission separate
from other characters.

We institute a search for varieties or species possessing the desired
disease resistance, and for others combining in the highest degree
the market qualities of size, flavor, etc., which we require. Parent
plants representing the best of each are crossed. The first genera-
tion should not be exposed to the disease, as the segregation of the
characters does not come until the second generation. Biffen in
his work on rust of wheat found resistance to be recessive, not
appearing in the second generation. In our work with cowpeas we
have found the second generation of some hybrids susceptible (i. e.,
resistance recessive) while others were resistant (i. e., resistance
dominant). We are unable to determine as yet to what extent
the usual Medelian. formulae apply to cowpeas. The general prin-
ciples very likely hold true. In the third generation we may expect
to find a portion of the progeny resistant and a portion susceptible,
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AMERICAN BREEDERS* ASSOCIATION. 153

each quality holding true in part of the offspring. We would expect
to find one-fourth of each pure and one-half apparently susceptible,
but breaking up into pure and mixed strains the next generation.
Our actual results do not fully confirm this, but we are sure that
disease-resistance is transmitted as a pure or unit character, which
is, after all, the essential point.

Work with Watermelons.—To illustrate from our work: In the
case of the watermelon wilt, the quality of resistance was not dis-
coverable in any edible melons, but was found in certain stock
melons or citrons which, when crossed with a watermelon, gave
intermediate forms in the first filial generation, and segregated in

Fig. 6. Wilt-Resistant Watermelon. "Bred from a cross between Eden Watermelon and
a citron.—S. C, 1907.

the second. The difficulty experienced at this point from the
standpoint of the practical breeder—whose desire is to obtain a
successful market melon—is that .so many unit characters go to
make up the watermelon, and each pair separate in Mendelian pro-
portions. Assuming, for example, that there exist in the water-
melon the paired characters:

Flesh

Form

white.

f oval.
\ cylindrical

Color

red. Flesh hard.

green,
white.

\ tender. MK& Disease ' liable,
resistant
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154 BREEDING DISEASE RESISTANT PLANTS.

Each of these will occur in varying proportions, and while one-
fourth may be disease-resistant, that fourth will include some pos-
sessing undersirable characters,. and some mixed or heterozygous
with respect to certain characters and pure or homozygous with
respect to others. The chances of securing a form at the same
time pure with respect to disease resistance, oval form, color white,
stripes'present, flesh red and tender, etc., as required for a market
melon, may be computed by mathematical formulae as one to 4096.

Necessarily a large number of plants must be grown to insure
desirable combinations. The result with our melons was somewhat
as outlined. From 10 acres, 10 melons were chosen for further
trial, one of which came very near combining all the desired qualities.

Others bred pure with respect to several qualities, but were mixed ,,
with respect to others. The one just mentioned has bred nearly
pure since the third generation. Three more generations have been
grown for the purpose of selecting to eliminate minor underisable
features. In this we have been fairly successful, as the variety
can now be grown on a commercial scale. The quality of disease
resistance has been transferred from the citron to the watermelon.
This disease resistance can be maintained if crossing is avoided.

Work with Cowpeas.—Taking another illustration from our work
with cowpeas, we desired to secure resistance to the diseases wilt
and root-knot. There was available as a parent the Iron, a variety
quite immune to both diseases, but deficient in seed-producing
qualities, and having a tendency to produce long vines. The
qualities we desired to secure were: Disease resistance, upright habit,
leaf holding, and productiveness.

For the latter two the variety Whippoorwill was used. This
cross in the second generation segregated into unit characters,
variously combined, and here again the problem was to secure a
strain pure with respect to all the qualities desired. Some progeny
were disease-resistant, but contained peas of several colors, some
were all of one color, but varied with respect to habit of growth.
Some of the resulting selections appear to possess the necessary
qualities combined as we wish them. In other words the quality
of disease resistance has been added to the Whippoorwill—the leaf-
holding quality being as yet not secured.

This work was inaugurated before Mendel's law became so prom-
inent as now and the breeding was done by standard methods.
We have, therefore, not sufficient records of the number of each
character developed to know whether the variation followed Mendel's
law and in cases where such records were sought we were handicapped
by the nature of the disease, which destroyed susceptible individuals
before records were taken, and also by lack of time for the work
and the distance from Washington.
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156 BREEDING DISEASE RESISTANT PLANTS.

CONCLUSIONS.

The conclusions may, nevertheless, be drawn, (1) that while we
cannot hope to originate the quality of disease resistance it is entirely
possible to breed disease-resistant varieties when the quality already
exists in the. species in question or in another species that will hy-
bridize with it. These characters can be recombined to suit; (2)
that the chances for success vary in the different crops according
to the nature of the parasite and the degree of resistance available;
(3) that there is no evidence to show that disease-resistance is
necessarily correlated with undesirable qualities; and (4) that the
resistance may be maintained by suitable care in selection of seed.

. As to time, when resistant elementary forms occur, selection witf
give a commercial stock in three years. If a hybrid must be made,
the time is lengthened to from six to ten years, and with perennial
plants proportionately longer.

IMPROVEMENT OF HOPS BY SELECTION AND BREEDING.

By DR. W. W. STOCKBERGER, V. S. Department of Agriculture, Washington, D. C.

NEED FOR IMPROVEMENT.

The improvement of the common hop by selection and breeding
has received some attention in Europe during the past fifteen years,
but, unfortunately for the best interests of American hop growers,
it has been practically neglected by them in the United States.
In years favorable to the harvesting of a large crop it usually becomes
expedient to export from one-sixth to one-third of the total pro-
duction, thus bringing American hops into sharp competition with
those grown in Europe, the larger portion of which, .particularly
those grown in Austria and Germany, has the reputation of being
far superior in quality. An appreciation of this discrimination on
the score of quality and the recognition of the desirability of pro-
ducing a superior American hop to successfully compete in our
home markets with those of high grade now imported from Bohemia
and Bavaria, has recently induced growers in various sections of
this country to plan for the improvement of their crops by systematic
selection or by breeding improved varieties.

FAILURE OF INTRODUCED VARIETIES.

Numerous attempts have been made by various growers to intro-
duce the better varieties cultivated in Europe, but so far the results
have not been encouraging. In some cases after three or four
years' cultivation the vines from the imported cuttings have not
come into bearing, and in the others, where some hops have been
produced the yield was too light to enable, the grower to pay the
cost of production. As a consequence yards of from 2 to 10 acres
set with imported varieties have been plowed up and reset with
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